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HISTORICAL

Writers on physical diagnosis have for many years agreed that in
the normal chest both vocal fremitus and vocal resonance are more

marked on the right side than on the left. This phenomenon, according
to Walshe,1 was first noted by Stokes, but the original statement I have
been unable to find in the available published writings of Stokes.

Skoda,2 in his classical work on auscultation and percussion, Mark-
ham's translation of which was published in 1854, states that ``the voice
of the same individual, whether his thoracic organs be healthy or un-

healthy, is not heard equally loud at all parts of the thorax,'' but the
concrete fact of the normal difference between the two sides evidently
escaped him, as he makes no mention of it.

Walshe,3 in 1860, states of fremitus : ``As a general rule, the inten-
sity of the fremitus is considerably greater on the right side of the chest
than on the left, the greatest amount of this excess existing in the infra-
clavicular, infrascapular and interscapular regions.'' ``The fremitus is
intensely marked over the larynx and trachea, stronger at the sternal
than the humeral halves of the infraclavicular regions, generally faintly
manifest on the right clavicle, and imperceptible at the top of the ster-
num.''``In the great majority of cases it is stronger in recumbency
than in the sitting position.''

Concerning vocal resonance the same writer4 says : ``The intensity
and quality of this natural resonance are modified by certain circum-

*From the Laboratory of Anatomy of the University of Pennsylvania. Read
at a staff meeting of the Henry Phipps Institute, Dec. 21, 1908.

1. Walshe (Walter Hayle) : A practical treatise on diseases of the lungs, in-
cluding the principles of physical diagnosis, ed. 3, 1860, p. 142.

2. Skoda (Joseph) : Auscultation and percussion. Transl. from 4th German
ed. by W. O. Markham, 1854, p. 65.

3. Walshe (Walter Hayle) : A practical treatise on diseases of the lungs,
1860, p. 28.

4. Walshe (Walter Hayle) : A practical treatise on diseases of the lungs, 1860,
pp. 141-142.
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24 VOCAL FRÉMITOS AT TEE BIGHT APEX

stances altogether independent of disease. Thus the natural resonance is,
cœteris parïbus, marked in proportion to the graveness of the voice.
This statement is only true of intensity, however; there is no greater
tendency to concentration or articulation of the sound when the voice is
grave than when it is shrill. Secondly, vocal resonance is, as a corollary
from the last proposition, more marked in males and adults than in
females and children; it is also more marked in aged persons than in
adults, doubtless on account of the wasting of the pulmonary parenchyma
and the thickening and hardening of the bronchi in old age. Thirdly,
the quality of the resonance varies with the quality of the speaking
voice; thus in people of advanced years it is very commonly tremulous
and bleating. Fourthly, the resonance is more strongly developed the
larger the chest and the less loaded its walls with fat and muscle. Fifth¬
ly, it is stronger in front than behind, with the exception of the inter-
scapular region, and at the upper than the lower parts of the thorax.
Sixthly, as first stated by Dr. Stokes, its intensity is greater on the right
side generally than the left—a fact chiefly significant, though by no

means valueless elsewhere, under the clavicles and in the interscapular
region ; there is no resonance over the superficial cardiac region, nor over
the hepatic surface below the sixth rib. Seventhly, the intensity of vocal
resonance, as of the respiratory sounds, varies much in persons apparent¬
ly presenting the same physical conditions for its development."

Landois and Stirling,5 in 1885, state that icbronchial breathing is
slightly louder on the right side."

Hare,6 in 1897, says: "Vocal fremitus is also greater on the right
side than on the left."

Musser,7 in 1899, says of vocal fremitus : "The fremitus on the right
side at the apex is stronger than on the left." Of vocal resonance he
states : "It is heard more pronouncedly at the right apex than at the
left."

Salili,8 in 1905, says concerning vocal fremitus: "The fremitus is
normally somewhat stronger on the right than on the left side." As
regards physiologic bronchial breathing he states: "This breathing is
naturally more evident on the right side."

It is needless further to multiply quotations on this point, as, begin¬
ning about the middle of the last century, a gradually increasing number

5. Landois and Stirling: A text-book of human physiology. Transl. from 4th
German ed., 1885, i, 245.

6. Hare (Hobart A.):
7. Musser (John H.):
8. Sahli (Hermann):

1905, pp. 222 and 288.

Practical diagnosis, ed. 2, 1897, p. 273.
Medical diagnosis, ed. 3, 1899, pp. 490 and 513.
Diagnostic methods. Transl. from 4th German ed.,
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Fig. 1.—Drawing of a dissection of the upper part of the thorax. For the
sake of simplicity, the veins and the smaller branches of the subclavian artery
have been omitted. This figure shows in plastic form those relations in the
upper thorax which are demonstrated in photographs in succeeding figures. There
is here shown clearly the interposition of the left subclavian and common carotid
arteries between the trachea and the left upper lobe, as well as the apposition of
the trachea and the right upper lobe, with the large vessels anterior.

Archives of Internal Medicine
Illustrating Article by Dr. George Fetterolf
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of authorities on diagnosis state the truth of the observation, and at the
present time it is a matter of common acceptance.

To explain the condition several theories have been advanced.
Walshe offers no explanation, satisfying himself with a mere state¬

ment of the fact.
Landois and Stirling5 state that the reason is the "slightly greater

caliber of the right bronchus."
Hare6 ascribes as the reason for the difference the fact that "the

principal bronchus supplying this lung is larger than that of the left
side, is joined to the trachea at a less acute angle, and is nearer the
vertebral column; and, again, as recently emphasized by Cary, the bron¬
chus going to the right upper lobe is given off at a point very near the
origin of the right bronchus, and in many cases 'fully two and a half
inches above the corresponding left bronchial tube.' "

Musser7 quotes Ewart and Cary in support of the theory that the
condition is due to the fact that "the right bronchus is larger than the
left, its angle with the trachea is more acute, and the bronchus going to
the right upper lobe is two and a half inches nearer the larynx than the
left."

Sahli8 says that the phenomenon is due to "the greater breadth and
the more direct branching of the right bronchus."

ANATOMIC CONSIDERATIONS

As the discrepancy between the two sides is evidently due to differ¬
ing anatomic conditions it may not be amiss to review the relations of
the trachea, bronchi and lungs in the upper part of the thorax. In so

doing several suggestive points can be brought out.
The Course of the Trachea.—This tube extends from the inferior

margin of the cricoid cartilage through the lower part of the neck and
the upper part of the thorax to a point opposite the lower margin of the
manubrium sterni in front and the lower edge of the fourth thoracic
vertebra behind. At this situation it divides into the two bronchi. In
its course down the neck and thorax, especially the latter, it inclines to
the right, probably on account of the position of the arch of the aorta
to its left side. Its point of bifurcation usually lies to the right of the
midsternal line, sometimes so far over as to be behind the right margin
of the sternum (Fig. 2).

The Relations of the Trachea.—In the thorax these are as follows :

Posterior to it, at its origin, lies the esophagus, which at first is directly
behind, but later moves to the left to such an extent that in the upper
part of the posterior mediastinum it lies behind the left bronchus (Fig.
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20 VOCAL FREMITUS AT THE RIGHT APEX

4). The recurrent laryngeal nerves also lie behind the trachea. In
front are the first part of the arch of the aorta and just above the latter,
the origins of the innominate and left common carotid arteries (Fig. 1),
in front of which are the left innominate vein and the remains of the
thymus body. The innominate artery, as it passes upward, lies anterior to
the upper lobe of the right lung, while the left common carotid seeks a

deeper plane and ascends at the left side of the trachea (Fig. 3). Just
above and anterior to the trachéal bifurcation is the deep cardiac plexus
of nerves. On the left side, above the left bronchus, is the baclavard
coursing arch of the aorta (Fig. 4), which makes an indentation, some¬

times quite marked, in this wall of the trachea. Further up are the left
vagus nerve and the left common carotid artery (Figs. 1 and 3), and
these, with the aorta, the left subclavian artery, the esophagus and a

quantity of areolar and lymphatic tissue (Fig. 3), form a layer several
centimeters thick which separates the left lung from the trachea. On the
right side the trachea has touching it the right vagus nerve (Fig. 6)
and the mediastinal part of the right parietal pleura (Figs. 3 and 4),
the latter lying in contact with the trachea from the base of the neck to
the origin of the right bronchus (Fig. 4).

The Bifurcation of the. Trachea.—This, as stated above, occurs at a

point opposite the lower end of the manubrium sterni anteriorly or the
lower edge of the fourth thoracic vertebra posteriorly, and usually to
the right of the median line (Fig. 2). The carina trachea? (Fig. 4) is a

keel-like lunate ridge which separates the origin of the two bronchi and
in the majority of instances lies to the left of the trachéal midline.
Heller and von Schrötter, in 100 cadavers, found it on the left side in 57
per cent, and in the middle in 42 per cent (Dwight9). Sir Felix Semon
found it, in the living, on the left in 59 per cent., in the middle in 35
per cent, and on the right in 6 per cent (Dwight9). Lying under the
angle of bifurcation and connecting the bronchi is the interbronchial
ligament, under which is a group of lymph nodes.

The Caliber of the Bronchi.—The right bronchus is wider than the
Left in the proportion of 100-77.9, the extreme being 100-71.6 and
100-83.3, and in 10 per cent, the caliber being about equal (Braune and
Stahel, quoted by Dwight9). As a practical working basis this propor¬
tion can be considered as being 100-75.

The Angle of Origin of the Bronchi.—The right bronchus is the
more vertical of the two, forming an angle of 24.8 degrees with the body
axis, while the left comes off at an angle of' 45.6 degrees (Cunning-

9. Dwight (Thomas) : Piersol's human anatomy, 1907, pp. 1837-1838.
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Fig. 2.—Diagram drawn from an ¿r-ray photograph of a chest in which the
air passages had been filled with a fusible alloy. (Blake [Joseph  .] : Am. Jour.
Med. Se., 1899, cxvii, 320.) In this diagram will be noted the inclination to the
right of the trachea, and the right lateral position of the bifurcation.

Archives of Internal Medicine
Illustrating Article by Dr. George Fetterolf
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ham10), or, in simpler figures, 25 degrees and 45 degrees, the subtracheal
angle, therefore, being about 70 degrees.

The Length of the Bronchi.—According to Ewart,11 the following
measurements have been ascertained for the bronchi from their origin
to their first branch :

Eight bronchus 21.1 mm., left bronchus 49 mm. (Aeby).
Eight bronchus 15-18 mm., left bronchus 30-35 mm. (Sappey).
Eight bronchus 25 mm., left bronchus 50 mm. (Quain).
I have made these measurements in one body (Fig. 6), in which a

section of the thorax had been made in the long axis of the trachea after
injecting with formalin and freezing. A possible source of error in the
results was the presence in the specimen of bilateral pulmonary tubercu¬
losis. This body gave a length of 35 mm. on the right side and 45 mm.
on the left. Measurements taken in a specimen so prepared are the only
ones of real value, for if the measuring be clone after removal of the
organs from the body there is so much unavoidable displacement and
stretching that the normal relations are seriously disturbed. In addi¬
tion, after removal, the natural greater length of the left tube would be
exaggerated on account of relatively and actually greater stretching.

The Branches of the Main Bronchi.—The left bronchus passes in an
unbranched condition into the lung and there' bifurcates into two
branches, one for the upper lobe and one for the lower lobe, although
their distribution does not actually correspond to this description. The
right gives off the upper lobe bronchus, called the eparterial bronchus on
account of its position relative to the pulmonary artery, and then con¬
tinues as the bronchus intermedius to the lung, where it divides into the
middle lobe bronchus and the lower lobe bronchus.

The Right Upper Lobe Bronchus or Eparterial Bronchus (Aehy).—
This tube lies in the horizontal plane and is distributed solely to the
upper lobe. It measures 15 mm. in length (Ewart12), the measurements
being taken on the outer surface of a cast of the tube made after removal
of the respiratory organs from the body. In the one specimen measured
I found the length of this tube to be 20 mm. At its termination it
divides into a pectoral stem and an axillary-apical stem, the latter meas¬

uring 3 mm. After continuing on for 8 mm. the latter divides into an

ascending apical and an axillary stem. It will thus be seen that, accept¬
ing Ewart's measurements, the distance from the bifurcation of the

10. Cunningham (D. J.): The text-book of anatomy, ed. 2, 1906, p. 976.
11. Ewart (William): The bronchi and pulmonary blood-vessels, 1889, p. 71.
12. Ewart (William) : The bronchi and pulmonary blood vessels, 1889, p. 90.
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28 VOCAL FREMITUS AT THE RIGHT APEX

trachea to the origin of the right apical bronchus is 39.1 mm. (21.1 +
15 + 3).

The Left upper Lohe Bronchus or Bronchus Impar (Ewart).—The
left main bronchus enters the lung without having branched, and after
gaining the pulmonary parenchyma it divides into the upper lobe
bronchus and the lower lobe bronchus.

The former differs from the corresponding structure on the right
side in that it is hyparterial in position, it supplies not only the upper
lobe but also the cardiac district of the lower, and its two branches cor¬

respond, respectively, to the eparterial and middle lobe bronchi of the
right side. It measures 13 mm. (Ewart13) and in diameter equals that
of the right side. It terminates by dividing into an ascending and a de¬
scending branch. The former measures 8 mm. in length and ascends to

give off a pectoral branch and to continue on as an axillary-apical branch,
which breaks up into three, all of which engage in the supply of the
apex. The distance, therefore, from the bifurcation of the trachea,
according to Ewart's figures, is 70 mm. (49 -4-13 + 8), the measure¬

ments being carried no further on this side on account of the entire
axillary-apical trunk supplying the pulmonary apex.

There is thus an apparent difference between the two sides of 30.9
mm., the greater length being, of course, on the left side.

In the one specimen I measured the distance from the origin of the
eparterial bronchus to the axillary-apical bronchus was 20 mm. and
from the origin of the left upper lobe bronchus to that of the axillary-
apical bronchus was 12 mm.; the resultant figures show that, on the
right side, the distance from the trachéal bifurcation to the axillary-
apical bronchus was 55 mm. and on the left 57 mm., a difference of only
2 mm. This is undoubtedly less than the average, due possibly in part
to the pulmonary disease and in part to an unusually lateral origin of
the eparterial bronchus, but it suggests strongly that some of the ac¬

cepted figures may be somewhat untrustworthy.
ACCEPTED EXPLANATIONS

Sufficient data are now at hand to enable us to examine into and
perhaps readjust and add to the accepted theories. There are three of
these, one being the more direct continuation of the right bronchus into
the line of the trachea, another the shorter distance from the bifurcation
of the trachea to the right apex, and the third the greater caliber of the
right bronchus.

13. Ewart (William) : The bronchi and pulmonary blood vessels, 1889, p. 98.
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GEORGE FETTEROLF 29

1. The more vertical course of the main bronchus of the right side
and its consequent more direct continuity with the trachea.—Assuming
for the present that the vocal vibrations are transmitted to the surface of
the apex solely by way of the air content of the bronchi and lungs, it is
hard to see how the angle of the right main bronchus can be of any ulti¬
mate effect. If we apply to this tube the rule that the less acute the
angle of origin of each succeeding tube the greater the volume of sound
transmitted, it must apply equally well to all subsequent branchings.
Beduced to the last analysis, vocal sound waves transmitted by the air
current to the apex must pass through an angle of 180 degrees; they
must pass down, they must pass laterally, they must pass up, this truth
applying with equal force to both sides. Now, if the right bronchus
subtract but 25 degrees from the 180 degrees, it leaves 155 degrees still
to be traversed before the waves pass upward, and what is gained at the
first point is lost by later branchings. On the other hand, with the left
system of tubes 45 of the 180 degrees are subtracted at once, and it is
quite possible that the vibrations may be less marked in the left bronchus
than in the right. At the same time the preponderance should cease at
this point, as there is remaining on the left side only 135 degrees, as

opposed to 155 degrees on the right, to be traveled in order to reach the
apex. In other words, what is lost at the bifurcation of the trachea is
gained further on at the subsequent branchings of the bronchial system.
Does it not follow, therefore, that the direction of the right bronchus,
eliminating all other considerations, can have no effect in causing greater
fremitus and resonance on the right side?

2. Distance.—It is stated quite truthfully that the vocal sounds, to
reach the left apex, must travel a greater distance than to reach the
right. According to Ewart?s figures, in order to reach the origin of the
axillary-apical bronchus, vocal vibrations have 30.9 mm. farther to travel
on the left side than on the right. While this may be the case, there are
two possibilities to be considered in this connection. One is that the
difference is not so great as our accepted figures would incline us to
think. It will be recalled that in the one specimen in which I made
measurements the difference between the two sides was but 2 mm.

While this may be and probably is below the average, I am convinced
from the study of a number of cadavers that the figures given by Ewart
are too high. And Gary's14 estimate of two and a half inches' differ¬
ence between the origins of the upper lobe bronchi on the two sides cer¬

tainly seems to be somewhat excessive. But even if it be correct there is

14. Cary (Charles): Tr. Assn. Am. Phys., 1895, p. 400.
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30 VOCAL FREMITUS AT THE RIGHT APEX

not the ultimate difference that these figures would indicate, for the
lower position of the summit of the left apex would subtract quite con¬

siderably from the given two and a half inches. It can be accepted,
however, that the sound vibrations, to reach the axillary-apical bronchus,
do have on the right side a shorter distance to travel than on the left.
The second point to be considered is the position of the apices relative
to each other and to the origin of the axillary-apical bronchus. As a rule
that of the right is the higher, to the extent of 10-20 mm. (Figs. 4 and
6). One thorax (Fig. 6) especially prepared at the University showed a

distance from the axillary-apical bronchus to the top of the apex of the
lung on the right side of 70 mm. and on the left of 83 mm., a difference
of 13 mm. This apparent contradiction is due to the fact that the left
axillary-apical bronchus arises at a lower plane in the thorax than does
the right. If, now, we allow 15 mm. as a fair average difference in
length of path from trachéal bifurcation to axillary-apical bronchus and
add to this 10 to 15 mm. difference between the origin of the axillary-
apical bronchus and the apex, we have a greater distance of 25 to 30 mm.

which the sound waves have to travel in the left lung. How much of an

element in the problem this distance comprises is impossible to state,
but when it is considered that in our stethoscopes a shortening or length¬
ening of the rubber tubes to the extent of many inches seems to have no

effect on the clearness or intensity with which sounds are transmitted to
the ear, it would seem that the importance attached to the 2 to 3 cm.

difference is too great.
3. Caliber.—The right main bronchus is larger than the left in ap¬

proximately the ratio of 100-75 (100-77.9, Braune and Stahel10). It
has been customary to assign to this greater width all or some of the
responsibility for the preponderance of fremitus and resonance on the
right side. It is possible that this greater width may have some bearing
on the question, but to decide this one must first inquire into the reason
for the existence of the greater caliber. The answer is naturally that
the right bronchus is wider than the left because it has more lung to
supply. This being the case, would not the greater facility with which
sound waves are transmitted through the right bronchus be later lost at
the apex, on account of the greater peripheral area of pulmonary tissue
to which these waves have to be distributed? It would seem, therefore,
if this be accepted, that the greater caliber of the right bronchus may be
responsible to some slight, but certainly not to any very marked degree.

AUTHORS EXPLANATION

Writers hitherto, in discussing the point at issue, have assumed that
the vibrations responsible for the perception of fremitus and resonance
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GEORGE FETTEROLF 31

at the apices have been transmitted from the larynx solely by the bron¬
chial and pulmonary air. And this in spite of the fact that these sounds
are elicited only during the outward passage of the air, during an expira¬
tory puff, and, therefore, necessarily transmitted against the air current.
But in the explanation afforded by the size, length and angle of the air
tubes another possibility has been entirely lost sight of, and that is the
direct transmission of vocal vibrations from the trachea through the tis¬
sues of the superior mediastinum to the lung apices. The trachea is
about 10 cm. long, with approximately two-fifths of its length in the
neck and three-fifths in the thorax. On its right side, almost entirely
throughout its thoracic course, the lung lies in contact with it (Figs.
1, 3, 4 and 5), separated only by the parietal pleura and a delicate layer
of areolar and lymphatic tissue. On the left side there are 3 cm. or

more of large blood vessels and esophagus plus areolar and lymphatic
tissue interposed between the trachea and the apex (Figs. 1, 3, 4, 5 and
6). And to this difference I would ascribe the rationale of the variation
in the normal sounds. Why assume that the vibrations in question must
pass through a long and devious course, and to differences in this course

on the two sides (differences shown to be of little importance in their
ultimate result) ascribe the preponderance on the right side? The
explanation I suggest is simple, perhaps obvious when once noted, and
its principle is observed daily in diseased conditions. Is not whispered
pectoriloquy transmitted to the ear from a tuberculous cavity through
sound overlying pulmonary tissue ? And is there any difference in prin¬
ciple between transmission from a cavity through adjacent lung paren¬
chyma and transmission from the trachea through healthy upper lobe
and apex tissue ? It does seem when these facts are taken into considera¬
tion and either the actual frozen sections or the appended illustrations
studied, that the explanation offered is the rational one. And all that
is needed to prove the truth of this contention is to find a patient in
whom the right bronchus is plugged and no air is entering the right
lung. If the theory advanced is correct, there will be found, in spite of
the obstruction, vocal fremitus and vocal resonance at the right apex.

Note.—Acknowledgments are due to Dr. A. W. Goodspeed, Professor of
Physics in the University of Pennsylvania, for valuable suggestions, and to Dr.
P. G. Skillern, Jr., for assistance in preparing the specimens from which the
illustrations were made.

330 South Sixteenth Street, Philadelphia.
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